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Abstract 

Nanobiotechnology, Bio nanotechnology and Nano biology these are all 
emerging progressive technological fields which are originated by the 
collaboration of two research-oriented fields i.e. Biotechnology and 
Nanotechnology. Now a days a lot of new research are being conducted to 
develop more advanced devices for molecular biological purposes which are 
used to perform more sensitive and highly accurate diagnosis. So, there is an 
interference between Biotechnology and Nanotechnology which have 
potential for such tremendous discoveries. In following review article that 
interface between these two fields is drawn which describes about the 
subfields of these two fields and areas of their implication. In Addition, a 
brief overview is also discussed about how nanomaterials are fabricated using 
different economic methods. 


This work is licensed under the Creative Commons Attribution Non- 
Commercial 4.0 International License. 
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Introduction 


In modern era, every biologist is familiar with the 
term Biotechnology as it covers a wide area of 
biology including genetic engineering, genomics, 
applied immunology and numerous pharma therapies 
and diagnosis, which deals with biological systems 
and organisms to make valuable products to serve the 
humanity[1]. The basic concepts behind the 
Biotechnology are to deal with living objects, modify 
these entities in sake of human benefits. 
Biotechnology has enormous domains depends on 
fields as molecular biology, cell biology, 
biochemistry and genetics. Bioengineering is also 
lies under the broad range of biotechnology as in 
bioengineering, basic principles of engineering are 
applied on living cells, tissues and organisms 
(pharma engineering, tissue culture engineering and 
genetic engineering) [2]. 

Nanotechnology is known as the manipulation of 
matter at an atomic level with at least one- 
dimensional size ranges between 1 to 100 
nanometers. Nanotechnology is a field comprising on 
organic chemistry, surface science, energy storage 
and microfabrication. Nanotechnology has helped to 
control mater at nanometer scale which enhanced the 
efficiency [3]. 

Future implications of nanotechnology may include 
creation of many new devices and materials which 
are more efficient as compared to classic ones. Nano 
electronics, nanomedicine, consumer products and 
biomaterials energy production are futuristic goals of 
nanotechnology [4]. Similar to other emerging fields, 
nanotechnology might have some issues including 
toxicity and environmental hazards however not yet 
proved. Hence, nanotechnology has to prove more 
economic potential as compare to other emerging 
technologies [3]. 

Biotechnology and nanotechnology have the 
potential to take the whole World into a new era of 
technology. Many collaborating fields of 
nanotechnology and biotechnology have been 
introduced to get more efficient results [5]. Many 
subfields like Bio nanotechnology, Nano 
biotechnology and nanotechnology are introduced 
recently which are employing the collaboration of 
both the techniques. Various logical results are 
reported by applying these subfields [6]. 

In this review, an interface between Biotechnology 
and Nanotechnology has been summarized as the 
number of emerging research fields and new 
applications are being applied by the collaboration of 
both the fields. The applications of Nano 
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biotechnology are also being discussed in this review 
and the applications of nanotechnology to get more 
efficient biological products by applying more 
accurate procedures which are more sensitive than 
classic ones. Lab-On-a-Chip technology is being 
used for more accurate and sensitive diagnosis. 
Similarly, Nano sensors and Point-of-Care diagnosis 
are also being used which works upon the principles 
of Nano biotechnology. As Nanomaterials have 
much interest to be used in different industries and 
also in Biotechnological experimentations. Different 
approaches are being used for this purpose [7-9]. 


Interface between Biotechnology and 
Nanotechnology 


There are a number of research fields in the 
interference between Biotechnology and 
Nanotechnology which are being applied and many 
applications of these subfields are useful in industry 
as well as health sectors (Fig. 1) [10]. 


Nanobiotechnology 


Nanobiotechnology is a merging field lies between 
the interference of Nanotechnology and 
Biotechnology having Nano technological principles 
and techniques applied in biotechnology. 
Nanomaterials are being used to grow artificial 
organs outside the living organisms and transplanted 
in the body. The cultured bladders are transplanted in 
three American patients and studies were being 
conducted to culture the artificial uterus outside the 
body. In addition, metabolite detection studies were 
also reported by using Nano biotechnological based 
Nano spheres coated with fluorescent polymers. The 
diagnosis and treatment of diseases at nanometer 
scale as Nano Biotech Pharma have done successful 
treatment against Nano bacteria [11]. 
Nanobiotechnology is an interdisciplinary field as it 
is a combining edge of chemical properties, physical 
principles and biological parameters. 
Nanobiotechnology is offering new tools to biology 
for advanced diagnosis and treatments. 


Bio nanotechnology 


DNA nanotechnology is used to compose valuable 
materials of DNA. The synthetic membranes are 
being synthesized using the properties of the 
biological | membranes. The programmable 
nanomaterials are being synthesized following 
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Fig. 1: Subfields of the collaboration between Nano and Biotechnology, explaining the interference of both the 


fields 


principles of self-assembling proteins. The protein 
models themselves into specific supramolecular 
configurations. Another example for Bio 
nanotechnology applications is the development of 
amyloids-based nanomaterials which can be 
programmed according to different properties. Lipid 
nanotechnology is also an interface between both the 
fields [12-14]. 


Nanobiology 


Nanobiology lies on the intersecting edge of Biology 
and nanotechnology. In this research area, Nano tools 
are being applied in biological processes and 
Biosystems. Many new BioNanotools are being 
devised in using Nano biology approach such as 
peptide Nano sheets and programmable biological 
membranes. Number of areas is known where 


applications of Nanobiology are being applied such 
as use of cantilever array sensors and Nano photonics 


for manipulation of molecular phenomenon in the 
living cells [15, 16]. 


Nano biostructures 


Nano biotechnology is an interdisciplinary field 
focused to develop different techniques and 
processes for building nanostructures at nanometer 
level. Different Nano biostructures are being 
developed such as, DNA nanostructures as DNA is 
the most important unit for any living entity so it’s 
being used as a point target of interest for Nano 
biotechnological research and Peptide structures as 
peptides are self-assembling structures so these can 
be used as programmable Nano biostructures [17, 
18]. 
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Nano biomedicines 


This is an emerging field of health sciences which is 
truly based upon nanotechnology and biotechnology 
combination i.e. nanobiorobots and bio machines. 
New paths for diagnosis and treatments have been 
determined by this area of research just because of 
nanobiorobots. As we all know that some target sites 
are impossible to be targeted for a drug but 
Nanobiotechnology have increased the efficiency of 
biomolecules to be targeted towards those sites as 
these biomolecules are used along with 
nanomaterials which have high penetration rate as 
compare to normal biomolecules 1.e. | Carbon 
nanotube along with a DNA strand wrapped around 
this tube, similarly a Nano rod after enzyme 
immobilization can be used as more efficient 
biosensor [7, 19]. 


Nanobiorobotics 


Nanobiorobotics is an emerging interface between 
biotechnology and nanotechnology which deals with 
advanced nanorobotics which are used to diagnose 
and detect biological processes within biological 
systems. Technology has driven the era from micro 
technology to nanotechnology. There is a number of 
natural bio machines which exist naturally like 
potassium gates etc., Nanobiorobotics enable us to 
devise these naturally present bio machines 
artificially. Nanobiorobotics are highly targetable so 
one can use these nanobiorobots for drug delivery 
purposes as they can reach up to highly smaller 
(nanometer scale) targets more efficiently [20-22]. 
These all disciplines are at the interface edge of 
Biotechnology and Nanotechnology and example of 
interface between Biotechnology and 
Nanotechnology is drawn in (Fig. 2). 


Fabrication of nanomaterials 


Firstly, we have to that what are nanomaterials, these 
are substances with at least one of their dimensions 
within Nanoscale. So, they can refer as 1D, 2D and 
3D with one, two and all of their dimensions within 
nanometer scale respectively. Nanofibers have two 
dimensions within nanometer scale, Nano sheets, 
nanoparticles etc. all are examples of nanomaterials 
[23, 24]. Nanomaterials can be driven by different 
sources 1.e. they can be engineered or manufactured 
by humans using technological techniques such as 
titanium dioxide nanoparticles and carbon black 
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nanomaterials, nanomaterials also got as byproduct 
for some biological as well as mechanical process 
examples for such nanoparticles are fullerenes and 
some other nanoparticles. Next we can obtain 
nanomaterials from natural source 1.e. capsid of 
viruses. SO we can say that nanomaterials can be 
divided into three types by the means of their 
sources: engineered, incidental and natural [18, 25, 
26]. 

Basically two main approaches are being applied for 
the NPs fabrication, (I) Bottom up (smaller to larger) 
as name indicates in bottom up approach small atoms 
and molecules are assembled into specific 
nanostructures and (II) Top down (larger to smaller) 
in this approach comparatively larger molecules are 
subjected to some mechanical force or laser and then 
broke up into nanomaterials [27-29]. 

Nanomaterials can be synthesized physically, 
chemical or can be extracted from a natural living 
source. So we can divide the methods for fabrication 
of nanomaterials into three type’s i.e. physical, 
chemical and biological fabrication (Fig. 3) [30]. 

1. High Energy Ball Milling (HEBM) was 
introduced in 1970 by John Benjamin. 
HEBM involves very high temperature and 
pressure conditions and thus also considered 
as a Physical fabrication process [31]. 

2. Solovothermal technique is just like 
hydrothermal method only the main 
difference is diversity of solvents other than 
water can be used for this procedure. This 
procedure involves the use of solvent under 
reasonable to high pressure and temperature 
which ease the communication of pioneers 
throughout mixture [32, 33]. 


3. Chemical Vapor Deposition (CVD) 
technique is used to fabricate high- 
performance and _ high-quality solid 


materials. The reaction temperature, the 
reaction rate, and the absorption of the 
pioneers are the main parameters on which 
the excellence of the deposited materials 
powerfully rest on. Constant coating of the 
nanoparticles is a main benefit of this 
approach [34, 35]. 

4. Sol gel method is used to fabricate solid 
materials from smaller molecules that are 
appropriate for formulating diverse layers. It 
includes transformation of small molecules 
(precursors) into a colloidal solution (sol) 
and then into a combined system (gel) 
containing of either separate atoms or 
network polymers. This procedure contains 
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four phases: Hydrolysis, Condensation and 
Development of partials. Sol gel technique 
occasionally known as chemical solution 
deposition technique. Benefit of the sol-gel 
technique 1S it 1S 
an informal and inexpensive process to the 
preparation of metal oxides and additional 
benefit is it can be organized in order to get 
the compulsory oxide with a high degree of 
consistency and transparency [36, 37]. 

Pure doped metallic nanomaterials can be 
fabricated by metal alkoxides and salts by 
applying high energy by heat using Thermal 
Decomposition and Pulsed Laser Ablation. 
Properties for these produced nanomaterials 
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Fig. 2: Arrows shows the applications flow of one field into other i.e. when Biotechnology techniques are being 
applied in Nanotechnology it is referred as Bio nanotechnology and vice versa for Nanobiotechnology. 


depends upon precursor concentrations such 
as TiO2 nanoparticles are synthesized with 
diameter less than 30nm_ using this 
technique. This method is comparatively 
costly method and require highly 
professional expertise [38, 39]. 

NPs are also being synthesized using 
template method in which materials with 
similar morphological features also known 
as template. So, it is possible to fabricate 
new nanomaterials with controlled 
morphological properties. Such as, number 
of templates are being studied to fabricate 
titanium nanomaterials [40]. 
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Fig. 3: All methods for the fabrication of Nanomaterials 


Another method is also of great interest for 
NPs fabrication is (Combustion based 
synthesis which are used to synthesize 
crystalline particles. In this method solution 
containing redox groups is heated rapidly at 
almost 650°C for one to two minutes for 
crystal nanoparticles synthesis [41]. 

Just like CVD, Physical vapor deposition 
(PVD) is a method used to produce NPs. 
PVD comprises three basic stages: (I) Solid 
material is vaporized, (II) Transportation of 
vaporized substance and (III) generation of 
thin films and NPs. Such as, Sputtering, 
Electron beam evaporation, Pulsed laser 
deposition and Vacuum arc are some 
techniques used for this purpose [42]. 

Green nanotechnology is also a subfield of 
Nanotechnology which deals with the 
extraction of Nanomaterials from Natural 
sources like Plants and use of nanoparticles 
for agriculture purposes 1.e. Nano fertilizers. 
Examples for this type of fabrication are 


Synthesis of Silver Nanoparticles from 
Aqueous Extract Impatiens balsamina and 


Lantana camara, Synthesis of Gold 
Nanoparticles using Plant Extract etc. [43- 
45]. 

Conclusion 


Nontechnology is a highly interdisciplinary emerging 
field which have roots and applications in almost 
every kind of research field. Collaboration of 
Nanotechnology and Biotechnology is a hot topic 
now a days. This collaboration has variety of 
applications and have a very bright future ahead may 
led the whole world into a new era. 
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